Objective To describe and compare the causal beliefs and attributions about breast and colorectal cancer among unaffected women in the general population. Methods A total of 439 unaffected women in the general population were recruited to complete a web-based survey assessing causal beliefs for either breast (n = 211) or colorectal cancer (n = 228). Results Heredity was ranked as the most important causal factor, followed by diet or eating habits for both cancer sites. Women endorsed the following causes of breast or colorectal cancer, respectively: heredity (84.4, 78.5%), diet or eating habits (46.4, 69.7%), pollution in the environment (57.6, 40.3%), aging (48.8, 57.5%), alcohol (29.9, 40.8%), smoking (58.3, 50.8%), stress (27.5, 29.4%), and lack of exercise (35.7, 44.3%). Other factors such as prior surgery on the breast (23.7%) and colon (32.9%) or changes in one's immune system (60.6%-breast; 59.2%-colon) were also endorsed by some women. Significant differences in the degree of endorsement for various causes of breast and colorectal cancer were identified. Conclusions Both genetic and environmental causes for breast and colorectal cancer are endorsed by unaffected women. Misconceptions about the causes of these cancers are important targets for public education and risk communication efforts.
Introduction
In 2009, approximately 713,220 women will be diagnosed, and 269,800 will die from cancer in the United States [1] . Breast and colorectal cancer account for over one-third of the total number of cancers diagnosed in women each year. Yet an astonishing 38% of breast cancers and 45% of colon cancers in the United States are estimated to be preventable through appropriate diet, physical activity, and weight management [2] . Although health communication efforts have often promoted the importance of engaging in healthy lifestyles to reduce one's risk for these cancers, it is unclear to what extent women in the general population endorse modifiable lifestyle behaviors as risk factors or ''causes'' of breast and colorectal cancer.
In general, the notion that breast and colorectal cancers are preventable is not readily endorsed by the general public, especially in comparison with other chronic diseases such as heart disease or diabetes [3] . Beliefs about the causes of cancer in general appear to vary widely and are often inaccurate. For example, fewer than half of the respondents in one national survey were able to correctly identify a single risk factor for a variety of cancers [4] . Similarly, fewer than half of the female cancer survivors in another study believed that physical inactivity, obesity, and diet were important causes of breast or colorectal cancer [5] . Findings from the National Cancer Institute's Health Information National Trends Survey (HINTS 2005: http://hints.cancer.gov/) further demonstrate that beliefs about the causal role of lifestyle behaviors vary across cancer sites. In particular, respondents were less likely to endorse a person's behavior or lifestyle as causing colorectal cancer compared to other cancers such as skin or lung (42 vs. 70-80%), suggesting that some modifiable risk factors (e.g., smoking, sun exposure) are more readily associated with disease causation than others (e.g., diet, physical activity). In sum, these findings suggest that individuals are often unaware or may not believe in cancer causes or risk factors that are modifiable through behavior change.
The ramifications of causal beliefs on health outcomes are vast. The beliefs women hold about the causes of cancer have been shown to influence the preventive actions they undertake to reduce their risk [6] [7] [8] . In part, this association may be due to the role of causal beliefs and attributions on shaping subsequent beliefs about disease controllability and/or the efficacy of medical interventions [9] . Moreover, the manner in which women respond to communication messages emphasizing cancer risk factors depends, in part, on their prior beliefs and cognitive representations about the disease [10] [11] [12] . As such, the prior beliefs women have about the causes of cancer may determine the impact of a health communication message on desired behavioral outcomes.
To date, the beliefs that women have about the causes of breast and colorectal cancer have not been systematically documented, particularly among those without a prior medical history of either cancer. The purpose of this study was twofold: (1) to describe causal beliefs and attributions for breast and colorectal cancer among unaffected women in the general population and (2) to examine how these causal attributions might differ between the two cancer sites. Breast and colorectal cancers were chosen as the prototypic cancer sites to study because they are characterized by a well-documented hereditary component [13, 14] and thus have an underlying ''genetic'' cause. Moreover, unlike other hereditary cancers such as melanoma where environmental risk factors (i.e., sun exposure) are readily known to the general public, the role of environmental risk factors in breast and colorectal cancer (e.g., diet, physical activity) is less apparent and well known [15] . A greater understanding of the causal attributions women have towards these cancers will help to identify those beliefs that might facilitate, or undermine, adaptive health behaviors and lifestyle change.
Materials and methods
Study eligibility was as follows: (1) females in the general population with no prior personal history of breast and/or colorectal cancer, (2) over the age of 18, and (3) able to read and write in English. All study participants were recruited from the Knowledge Networks (KN) Panel. Knowledge Networks is a full-service research provider with capabilities for customer Internet surveys, public policy and attitudinal research, concept and segmentation research, moderated online focus groups, market sciences and analytics, and statistical weighting and estimation. The KN Panel, recruited randomly through Random Digit Dialing, represents the broad diversity and key demographic dimensions of the US population and provides the only probability sample of US households that participate in a research panel using the internet. The web-enabled panel tracks closely the US population on age, race, Hispanic ethnicity, geographical region, employment status, and other demographic elements. The current web-enabled research panel consists of approximately 40,000 adults actively participating in public opinion research.
A total of 439 unaffected women were recruited to complete a web-based survey assessing causal beliefs for either breast (n = 211) or colorectal cancer (n = 228). Recruitment of participants occurred based on a straight random sample, stratified by age (\50, C50) of panel households from the web-enabled panel. (This stratification allowed for the over-sampling of individuals over the age of 50 in order to provide a sufficient number of participants in the appropriate age range to examine separate research questions pertaining to breast and colorectal cancer screening behaviors.) One randomly sampled adult per household was included in the study provided they met the study eligibility criteria. Participants were contacted via an online web-based solicitation to determine if they were interested in taking part in a survey that set out to examine people's beliefs about their health. As part of the webbased solicitation, those who initially agree to be contacted for the study (n = 655) were then provided a secure link to access the survey. Participants then read a detailed study description and consented online (n = 439, 67%). Following the consent process, participants were randomized to receive either the breast cancer or colorectal cancer version of the survey for completion.
Surveys assessed participant demographics including age, education, ethnicity, and family history of breast or colorectal cancer. In addition, causal attributions for breast and colorectal cancer were assessed using the 18-item causal attribution subscale on the Revised Illness Perception Questionnaire (IPQ-R) [16] . Causal items include heredity, diet or eating habits, stress or worry, chance or bad luck, a germ or virus, and aging. Additional causes relevant to breast and colorectal cancer (e.g., lack of exercise) and as well as those that are medically inaccurate (e.g., prior surgery on colon) were also included based on prior findings in the literature [17] [18] [19] [20] . Responses to causal attribution items were provided on a five-point scale (strongly disagree to strongly agree). As part of the subscale, participants were also asked to rank order the three most important causes of breast or colorectal cancer.
Following the completion of the survey, participants were provided with complete information on the wellknown risk factors and general screening and lifestyle recommendations for breast or colorectal cancer prevention. Study methods and procedures were approved by both research review and institutional review board committees at Fox Chase Cancer Center.
Descriptive statistics were used to describe participant demographics and causal attributions. Mann-Whitney tests were used to investigate whether there were differences in the causal attributions between the two cancer sites. Statistical significance was assessed using two-sided tests of significance with 5% Type I error rates. Significance tests were based on ordinal responses, but responses were dichotomized in tables and figures (agree versus neutral/ disagree) for ease of presentation.
Multiple linear regressions with robust standard errors were conducted to assess the relationship of demographics with causal attribution responses. Because the number of demographic comparisons resulted in five hypothesis tests-age, education, race/ethnicity (white vs. black, white vs. Hispanic), and family history-a bonferroni correction was implemented, setting the cut-point for statistical significance at p B .01 (.05/5 = .01).
Results
The demographics for the women who completed the breast cancer version of the survey (n = 211) or the colorectal cancer version (n = 228) are presented in Table 1 . Overall, across both survey versions, 52.6% of women were over the age of 45, 31.1% had at least a Bachelor's degree, and 73.3% were white/Non-Hispanic. Among women completing the breast cancer survey, 11% had at least one-first degree relative with breast cancer. Similarly, 10% of women completing the colorectal cancer survey had a first degree relative with colorectal cancer. No demographic differences were noted between the cancer groups with the exception of race and ethnicity. Specifically, there were more African American women who completed the colorectal cancer version of the survey compared to the breast cancer version (v 2 = 5.83, p \ .05).
The causes endorsed by women for breast and colorectal cancer, respectively, are presented in Fig. 1 . The majority of women endorsed heredity as a cause of both breast (84.4%) and colorectal (78.5%) cancer. Among breast cancer survey respondents, the majority also agreed or strongly agreed with the following as causes of the disease: changes in immune system (60.6%) and pollution in the environment (57.6%). Almost half of the women endorsed aging as a risk factor for breast cancer (48.8%). Causes of breast cancer pertaining to personal behaviors were also endorsed by a subset of women including smoking (58.3%), diet (46.4%), lack of exercise (35.7%), and alcohol (29.9%).
Among colorectal cancer survey respondents, over half of the women (57.5%) indicated that aging was a risk factor for colorectal cancer. Similar to breast cancer, a sizable percentage of women endorsed immune system changes (59.2%) and pollution in the environment (40.3%) as causes of colorectal cancer. Many women also agreed or strongly agreed that personal behaviors such as diet (69.7%), smoking (50.8%), lack of exercise (44.3%), and alcohol (40.8) play a role in causing colorectal cancer. Almost a third of women (32.9%) endorsed prior surgery on the colon as a cause of colorectal cancer.
When asked to rank order the most important causes for breast cancer, heredity was ranked as the most important causal factor, with 59.7% of women ranking this first for breast cancer. Diet or eating habits and pollution in the environment were ranked as the second most important cause of breast cancer with 14.8 and 13.4% endorsing each cause, respectively. Immune system changes were ranked as the third most important cause with 14.7%. For colorectal cancer, the ranking pattern was similar but not identical. Approximately 44.7% of women ranked heredity as the most important cause of colorectal cancer, followed by diet which was ranked as the second most important cause with 12.4%. In contrast to breast cancer, aging was ranked highest as the third most important risk factor for colorectal cancer (14.8%). Significant differences in causal attributions were noted between cancer sites. Analyses comparing breast and colorectal cancer attributions adjusted for participant demographics including age, education, race and ethnicity, and family history. As shown in Fig. 1 , women were significantly more likely to endorse heredity (p = .001) and pollution (p \ .001) as a cause of breast cancer. In contrast, they were significantly more likely to endorse diet (p \ .001), aging (p = .001), alcohol (p \ .001), and lack of exercise (p = .001) as a cause of colorectal cancer.
Other causes such as a prior surgery (p \ .001), germ or virus (p \ .05), stress (p \ .01), poor medical care (p \ .001), overwork (p = .01), and family problems or worries (p \ .01) were endorsed more as causes of colorectal cancer compared to breast cancer.
Demographic differences in causal attributions were also examined (see Tables 2 and 3) . Overall, causal attributions were found to vary as a function of age. More specifically, women aged 50 and over were less likely to endorse hereditary has a cause of both colorectal and breast cancer, compared to women under 50 (p = .01). In contrast, they were more likely to endorse other behavioral (diet, p \ .01) and psychological (one's emotional state, personality, and mental attitude, all p \ .01) causes of colorectal cancer. Older women were also more likely to believe that germs/virus, accidents/injury, and one's personality were causes of breast cancer (all p \ .005). Women who were more educated (i.e., at least a Bachelor's degree or higher) were more likely to endorse a lack of exercise as a cause of colorectal cancer (p \ .01).
Causal Attributions for Breast and Colorectal Cancer
Compared to white women, Hispanic women were more likely to believe that stress and one's emotional state were causes of colorectal cancer (p \ .01). Black women were less likely to believe that chance was a cause of colorectal cancer compared to white women (p = .01). In contrast, Black women were more likely to believe that a germ or virus causes breast cancer, compared to white women (p \ .001).
Women with family history of colorectal cancer were significantly less likely to believe that poor medical care was a cause of colorectal cancer compared to women without a family history (p \ .01). Beliefs about heredity as a cause of colorectal or breast cancer did not vary as a function of family history.
Discussion
Women in the general population endorse both genetic and environmental causes of breast and colorectal cancer. In this study, an overwhelming majority of women (approximately 80%) endorsed heredity as a cause for both breast and colorectal cancer. Although the percentages reported in this study are higher than those found by other researchers, the findings endorsing heredity are consistent with several prior studies and highlight the relative importance of this risk factor compared to others [4, 9, [20] [21] [22] . The higher estimates found in the present study may result from two main trends. First, awareness and acknowledgement of the role of heredity may have changed over time consistent with scientific advances. This may account for some of the differences noted, in particular, between this study and those conducted prior to the mid-late 1990s. Second, previous work tended to assess beliefs using open-ended listing approaches [22] [23] [24] [25] [26] , which relies more heavily on recall abilities of respondents and results in a tendency for fewer causes to be reported.
The implications of endorsing heredity as a cause are not yet well understood, especially in relation to health behaviors that are undertaken to reduce cancer risk [27, 28] . For example, are beliefs about the role of heredity associated with fatalistic beliefs and subsequent lack of effort by some women to take lifestyle precautions to reduce disease risk [11, 29, 30] ? Or, will heredity attributions result in women taking some precautions such as increased surveillance and screening rather than lifestyle behavior change? Moreover, because the majority of unaffected women do not have a family history or documented genetic mutation conferring increased risk for breast or colorectal cancer, this also raises the possibility that the salience of this risk factor may result in a discounting of personal risk among women in the general population.
Results from our study suggest that endorsing heredity does not preclude women from also endorsing modifiable risk factors for breast and colorectal cancer. As such, it is conceivable that attribution profiles exist between women wherein a subset of women endorse only heredity as a cause that cannot be undone by behaviors, while another subset ascribe to the possibility that behaviors can 'override genetics'. (The latter profile would be akin to the notion of gene-environment interactions.) The types of attribution profiles that exist and their association with cancer prevention behaviors warrant further research.
The present study demonstrates the variability in the causal beliefs women have about breast and colorectal cancer. Although heredity and family history were considered to be primary risk factors for both cancers, women were significantly more likely to agree that they are important in the development of breast cancer compared to colorectal cancer. This finding is consistent with others [4, 21] and suggests that the predominant coverage of breast cancer in the media compared to other cancer sites [31, 32] raises public awareness about the role of genetic contributions in breast cancer through greater exposure to cognitively salient news stories.
Women differed in their endorsement of environmental causes for each cancer. For example, pollution was endorsed by significantly more women as a cause of breast cancer than as a cause of colorectal cancer. Current medical evidence suggests a possible role of some environmental pesticides such as dichlorodiphenyltrichloroethane (DDT) in breast cancer risk, which may be accurately reflected in the beliefs of participants [33] . Media coverage and framing of cancer clusters (e.g., Long Island Breast Cancer Cluster; see [34] ) may also contribute to the heightened endorsement of pollution as a cause of breast cancer.
Several erroneous beliefs about the causes of breast and colorectal cancer were also endorsed by the women in this study. Approximately one-third of women endorsed prior surgery on the colon as a risk factor for colorectal cancer.
Prior studies have reported a tendency for women to believe that some form of physical ''injury'' is responsible for causing breast and colorectal cancer [5, 7, 35] . It is possible that women might also have interpreted ''prior surgery'' to mean prior disease in the breast or colon that required surgery, which may explain the findings noted.
Other causal beliefs, such as immune system changes, were endorsed by approximately 60% of women for both breast and colorectal cancer. It is unclear why this cause was so readily endorsed by women. Perhaps the notion that a healthy immune system can fight off diseases, including cancer, is a cause that seems scientifically and medically plausible from a lay perspective. In contrast, only half of the women believed that aging was a risk factor for either cancer. Other national surveys have similarly noted the poor recognition of aging as an actual risk factor for these cancers [4] . Beliefs about the role of a sedentary lifestyle (i.e., lack of exercise) in colorectal cancer development were more likely endorsed among those who were more educated. Others have similarly reported that those who are more educated are more likely to identify behavioral risk factors for cancer in general [36] . These findings suggest the need to focus on developing cancer prevention messages that better target those in the population with lower levels of education and literacy to ensure an adequate understanding of modifiable risk factors for cancer and to address cancer disparities that may result from knowledge gaps in awareness.
Colorectal cancer causal beliefs pertaining to stress, one's emotional state, and chance varied as a function of race and ethnicity. Unlike other studies which found that only white women reported stress as a cause of colorectal cancer [19] , our study suggests the opposite; that is, whites are least likely to believe in this risk factor, especially in comparison with Hispanic women. Few significant differences were noted across racial categories for causal beliefs about breast cancer. Although others have reported varying breast cancer beliefs between African Americans and Caucasians, the findings have been inconsistent [9, 20] . For example, Kwate et al. [20] found that African Americans were less likely to believe in the role of heredity in causing breast cancer, whereas Parrott et al. [9] noted the opposite. The findings in the present study, though not statistically significant based on our stringent criteria, tend to support the results reported by Parrott et al. Future studies are very much needed to better clarify potential racial/ethnic differences in the causal beliefs women have about breast and colorectal cancer.
There were three main limitations of the present study. First, different groups of women completed surveys about causal attributions for breast or colorectal cancer. We, therefore, cannot determine whether the results would have been similar had the all women responded to both breast and colorectal cancer causal belief items. Second, we did not collect information on behaviors and related risk factors (e.g., smoking, BMI, overweight, etc.) that might be associated with causal attributions. We are therefore unable to report how attributions would vary as a function of women's health behaviors. Third, causal attributions were assessed for causes of cancer in general, and not worded to focus on ''risk to oneself'' as is often the case when assessing causal beliefs, particularly among cancer survivors. However, preliminary data indicate that the focus of the attribution ''target'' has implications for how people respond to the survey questions (i.e., lower agreement/ endorsement for all causes when focused on risk to oneself-Shoshana Shiloh, personal communication) and suggests that assessment of causal attributions with a focus on risk to oneself may be prone to bias [37] .
In addition, research has shown that individuals have a tendency to defensively discount or downplay cancer causal attributions when they are at high risk (e.g., genetically susceptible) [23, 37] . For example, Blalock and colleagues [23] found that only 20% of siblings of patients with colon cancer acknowledged that heredity was a riskincreasing factor for themselves. Others have noted that individuals tend to believe that their risk for cancer is reduced (e.g., ''I eat a healthy diet'') rather than increased (e.g., ''I smoke'') by various causes [22, 25, 26] and are often less willing to report their risky lifestyle behaviors [38, 39] . Consequently, future work is necessary to better understand the possible discounting that takes place when individuals think about causes of cancer and identify methods to counter these defensive biases such that people can recognize and modify any maladaptive behaviors that put them at increased risk. Research is also needed to determine the implications of each respective causal attribution target (i.e., oneself versus general) for understanding the health protective behaviors people engage in.
Conclusion
Breast and colorectal cancers among women are preventable to a great extent through modifiable lifestyle behaviors associated with weight management [2] . Yet, women must first endorse that lifestyle behaviors such as diet and physical activity play a role in the onset of these cancers before they actively take preventive action to reduce their risk. Overall, women in the general population endorse both genetic and environmental risk factors as causes of breast and colorectal cancer. The implications of these causal beliefs (and the interplay between them) on health behaviors will be critical to examine in upcoming years, particularly as advances are made in our understanding of both genetic and environmental influences on cancer. Efforts to reduce the burden of breast and colorectal cancer should focus not only on clarifying misconceptions about the causes of cancers in the general public, but also on devising approaches to counteract defensive biases that may impede message processing and the adoption of cancer preventive behaviors.
